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AbstrACt
Objective To examine the association between time from 
emergency medical service vehicle dispatch to hospital 
arrival and 1- day and 30- day mortality.
Design Register- based cohort study.
setting North Denmark Region (≈8000 km2, catchment 
population ≈600 000).
Participants We included all highest priority dispatched 
ambulance transports in North Denmark Region in 2006–
2012.
Interventions Using logistic regression and the g- formula 
approach, we examined the association between time 
from emergency dispatch to hospital arrival and mortality 
for presumed heart, respiratory, cerebrovascular and other 
presumed medical conditions, as well as traffic or other 
accidents, as classified by emergency dispatch personnel.
Main outcome measures 1- day and 30- day mortality.
results Among 93 167 individuals with highest priority 
ambulances dispatched, 1948 (2.1%) were dead 
before the ambulance arrived and 19 968 (21.4%) were 
transported to the hospital under highest priority (median 
total prehospital time from dispatch to hospital arrival 
47 min (25%–75%: 35–60 min); 95th percentile 84 min). 
Among 18 709 with population data, 1- day mortality 
was 10.9% (n=2038), and was highest for patients with 
dyspnoea (20.4%) and lowest for patients with traffic 
accidents (2.8%). Thirty- day mortality was 18.3% and 
varied between 36.6% (patients with dyspnoea) and 3.7% 
(traffic accidents). One- day mortality was not associated 
with total prehospital time, except for presumed heart 
conditions, where longer prehospital time was associated 
with decreased mortality: adjusted OR for >60 min vs 
0–30 min was 0.61 (95% CI 0.40 to 0.91). For patients 
with dyspnoea, OR for >60 min vs 0–30 min was 0.90 
(95% CI 0.56 to 1.45), for presumed cerebrovascular 
conditions OR 1.41 (95% CI 0.53 to 3.78), for other 
presumed medical conditions OR 0.84 (95% CI 0.70 to 
1.02), for traffic accidents OR 0.65 (95% CI 0.29 to 1.48) 
and for other accidents OR 0.84 (95% CI 0.47 to 1.51). 
Similar findings were found for 30- day mortality.
Conclusions In this study, where time from emergency 
dispatch to hospital arrival mainly was <80 min, there was 
no overall relation between this prehospital time measure 
and mortality.
IntrODuCtIOn
Centralisation of emergency care is 
progressing in many European coun-
tries.1 2 Consequently, the average prehos-
pital time for patients requiring emergency 
medical care increases due to increases in 
transport distance.1–3 This raises a concern 
that patient outcomes might be adversely 
affected by increases in prehospital time. 
Prior studies have found increased mortality 
with prolonged transport following acute 
myocardial infarction, unintentional injuries 
and respiratory emergencies.4–6 In contrast, 
centralisation of medical specialties could 
lead to better quality of care and ultimately 
better outcomes, thus justifying longer 
transport distance.2 7 8 A UK- based cluster 
randomised study of bypass of non- specialist 
hospitals in favour of specialist neuroscience 
centres did not find differences in the 30- day 
mortality of patients with suspected traumatic 
brain injury, where travelling time to the 
neuroscience centre was less than 1 hour.9
There is insufficient knowledge about the 
impact of prehospital times on mortality.10 11 
Guidelines exist for certain conditions where 
outcomes are known to be influenced by 
delays: for ST elevation myocardial infarction 
(STEMI), a first medical contact to device 
(coronary intervention) time of less than 
90 min is recommended12; and for acute 
strengths and limitations of this study
 ► Prehospital services registry data were available 
for all ambulance transports in the entire North 
Denmark Region between 2006 and 2012.
 ► Population data, including 30- day mortality, were 
available for most participants.
 ► The study is observational, meaning results are as-
sociations and not necessarily causal.
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ischaemic stroke, acute thrombolysis is recommended up 
to 4.5 hours after symptom onset.13 For trauma patients, 
guidelines recommend that total prehospital time should 
be kept below 60 min (the so- called ‘golden hour’) despite 
little supporting evidence14 15; however, a Swiss study on 
blunt trauma found that patients with prehospital times 
above 60 min were more likely to have an on- scene emer-
gency physician present, and these patients with longer 
prehospital times had decreased 30- day mortality.16
Given the insufficient knowledge on the impact of 
prehospital times on mortality for medical conditions 
other than STEMI and stroke, we examined data from 
the electronic prehospital emergency patient record 
(amPHI) database containing all emergency transports in 
the North Denmark Region between 2006 and 2012. We 
selected patients with highest priority ambulance dispatch 
and transport to hospital, driving with ‘lights- and- sirens’, 
meaning that ambulances may drive faster than the speed 
limit. We studied the influence of total prehospital time, 
defined as time from emergency dispatch to hospital 
arrival, on both 1- day and 30- day mortality in patients with 
presumed cardiac or respiratory conditions, presumed 
cerebrovascular conditions, other presumed medical 
conditions, traffic or other accidents.
MethODs
study setting
This register- based study was conducted using prehos-
pital registry data between 4 April 2006 and 1 December 
2012 in the North Denmark Region. The North Denmark 
Region covers a population of approximately 600 000 per 
1 January 2012 in an area of approximately 8000 km2, 
consisting mainly of suburban (areas with 2500–50 000 
citizens) and rural (<2500 citizens) areas, and only one 
urban area (area with population >50 000).17
In all regions of Denmark, prehospital emergency 
medical service (EMS) is tax- financed and free of charge 
for all citizens requiring emergency medical response. 
Prehospital emergency care is primarily at a basic life 
support level carried out by ambulance staff (an emer-
gency medical technician (EMT) and an ambulance assis-
tant); this ambulance staff also transports the patients to 
the hospital. In addition, rapid response units (RRUs) 
staffed with paramedics (advanced life support) or mobile 
emergency care units (MECUs) staffed with a prehospital 
emergency physician (an anaesthesiologist) and a para-
medic are dispatched to assist EMT personnel when the 
emergency call seems critical. While military helicop-
ters have transported patients over a number of years, a 
formalised air ambulance organisation with doctors was 
only established in the North Denmark Region in 2011, 
with a report mentioning 31 ambulance transports from 
1 June to 31 December 2011. The helicopter is located 
to primarily service areas farthest away from major 
hospitals.18–20
To minimise EMS response time (defined as the 
time between ambulance dispatch to arrival of the first 
ambulance on the scene), ambulances are continuously 
moved to different locations in an attempt to meet 
contractual agreements of the average EMS response 
time of 9 min and 12 s in cases where medical condi-
tions require the most urgent priority 1 response.21 The 
dispatch centre, staffed with logistic personnel until 2011 
and with healthcare professionals (nurses) from 2011 and 
onwards, determines how acute the patient’s condition is 
and may dispatch the ambulance as priority 1 through 
priority 5, of which priority 1 is lights- and- sirens. When 
driving with lights- and- sirens, ambulances can drive faster 
than the speed limit. After arrival and treatment on 
the scene, the ambulance staff may choose to transport 
the patient to the hospital with the same priority level, 
change it or decide that the patient does not need to be 
transported to the hospital; the latter requires consulta-
tion with the prehospital emergency physician. There are 
several hospitals in the region handling the emergency 
care treatments, including one level 1 trauma centre also 
capable of providing tertiary care, such as percutaneous 
coronary intervention (PCI) and thoracic, vascular and 
neurosurgery, and two level 2 trauma centres without 
tertiary care.22 In the case of presumed cardiac condi-
tions, patients with ambulance ECGs reflecting STEMI 
must be sent to tertiary centres capable of PCI, whereas 
other conditions (eg, unstable angina or non- ST segment 
elevation myocardial infarction) are sent to the nearest 
cardiological department.23
study population
We initially identified all patients requiring dispatch of 
the most urgent priority 1 response to the scene. For 
patients with more than one ambulance transport during 
the study period, we chose the last dispatch to minimise 
underestimation of the influence of prehospital time on 
mortality. We excluded patients with missing total prehos-
pital time. We reported prehospital mortality for all 
patients. Associations between total prehospital time and 
1- day and 30- day mortality were estimated for patients 
who also had a priority 1 transport to the hospital and 
had population data. The study population selection is 
shown in figure 1.
Patient and public involvement
Patients were not involved in the design of this study.
Data sources
In Denmark, all citizens are assigned a permanent, unique 
civil registration number at birth. Hospitals are required 
by law to use the personal registration number as a refer-
ence to all hospital contacts. Also, this unique identifier 
is used in the amPHI database containing all emergency 
medical transports in the North Denmark Region since 
April 2006, enabling linkage between prehospital data 
and administrative registries.
From the amPHI database we included information on 
dates and times of (1) ambulance dispatch, (2) arrival of 
EMS ambulance personnel on the scene, (3) departure 
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Figure 1 Flow chart showing patient selection from 
the amPHI database. *N refers to unique individuals with 
population data.
from the scene and (4) arrival at the hospital, allowing 
calculation of the EMS response time, on- scene time and 
transport time, as well as the sum of these times defined 
as the total prehospital time. Information on the priority 
level of ambulance dispatch to the scene and priority 
level on return to the hospital was assessed. We used the 
presumed aetiology of the patient’s condition based on 
the telephone information given to the logistical dispatch 
staff or nurses at the dispatch central to categorise 
patients according to presumed cardiac and cerebrovas-
cular conditions, dyspnoea, and other presumed medical 
conditions, traffic accidents (ie, involving motor vehicle 
collisions, cyclists or pedestrians) or other accidents, and 
unknown conditions. Patients who had a trauma score 
activating the in- hospital trauma team were reported 
across the conditions. Similarly, patients with a cardiac 
arrest, identified by cardiac rhythm (shockable or non- 
shockable rhythm), or respiration and circulation status 
on arrival to the scene (no or abnormal respiration and 
no circulation), or initiation of chest compressions or 
administration of a defibrillator shock, or use of intrave-
nous epinephrine, were reported across the conditions. 
Prehospital airways procedures, medication and oxygen 
usage, and spine board and neck brace usage were also 
noted.
Data on whether MECUs or rapid response units were 
dispatched in parallel with the ambulance were included 
from the amPHI registry and similarly reported across the 
groups. Data on helicopter use were identified through 
postcodes consistent with helicopter departure and 
landing sites, and the corresponding ambulances to and 
from the departure and landing site, respectively.24
Information on patient sex and date of birth and 
date(s) of emigration was included through linkage to the 
Danish Civil Registration systems.25 Hospital diagnoses 
within 1 day after the ambulance transport were obtained 
through linkage to the Danish National Patient Registry, 
from which primary diagnoses coded according to the 
International Classification of Diseases, Tenth Revision 
(ICD-10) were obtained (alternatively, referral diag-
noses when no primary diagnoses were identified). Each 
patient could have multiple diagnoses. For ICD-10 chap-
ters I–VIII and X–XXI, one diagnosis within each chapter 
was noted. For ICD-10 chapter IX, the following specific 
conditions were noted: ischaemic heart disease, aortic 
aneurysm, cardiac arrest, heart failure, arrhythmia and 
cerebrovascular diseases. PCI and coronary artery bypass 
grafting (CABG) procedures carried out within 30 days 
after ambulance transport were also noted (procedure 
codes for CABG: KFNA- KFNE; for PCI: KFNG).
Main exposure
The main exposure was total prehospital time defined 
as the time from ambulance dispatch to arrival at the 
hospital. We divided total prehospital time into prese-
lected intervals of 0–30, >30–45, >45–60 and >60 min. 
These time intervals were chosen based on current 
literature,11–13 26 as well as to allow adequate sample size 
across the groups. Patients were stratified according to 
the presumed aetiology of the emergency call, including 
cardiac and cerebrovascular conditions, dyspnoea, and 
other presumed medical conditions, traffic or other acci-
dents, and unknown conditions.
Outcomes
We assessed prehospital, 1- day and 30- day mortality. 
One- day and 30- day mortality outcomes were assessed by 
linking prehospital patient data to the Danish National 
Cause of Death Registry, but only possible for patients 
with a valid civil registration number.27
Prehospital mortality may have occurred prior to 
ambulance arrival or may occur within the transport 
interval for which the emergency services were respon-
sible. The person was only declared dead in the field 
if there were obvious signs of death (ie, livores and/or 
rigor mortis) or the prehospital emergency physician 
was present according to the Danish legislation. Any 
instances of patients with ongoing resuscitative efforts or 
contacts where the emergency physician was not involved 
to declare a person dead at the time of hospital arrival 
were not regarded as prehospital mortality. However, 
when patients were declared dead in the field, they were 
included in the 1- day and 30- day mortality measures.
statistical analyses
Main analyses
Categorical variables were summarised using frequencies 
and percentages, and continuous variables using medians 
and quartiles. The χ2 test was performed on categorical 
variables and the Kruskal- Wallis on continuous vari-
ables, using the R Publish package.28 Crude analyses 
and analyses adjusted for age, sex and comorbidity were 
performed to examine the relationship between total 
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prehospital time and 1- day and 30- day mortality, using 
logistic regression. These analyses were performed sepa-
rately for each of the presumed emergency conditions 
(heart conditions, cerebrovascular conditions, dyspnoea, 
other presumed medical conditions, traffic or other acci-
dents) and presented on the same figure.
The association between total prehospital time and 
mortality was further modelled by the g- formula anal-
ysis. The g- formula approach analyses an observational 
(non- randomised) study which, under assumptions of 
consistency, exchangeability (given measured covari-
ates), positivity and a well- defined exposure, may mimic 
a randomised controlled trial.29 Our data contain the 
actual observed mortality outcome, given the total prehos-
pital time each patient had in reality been exposed to; in 
contrast, the concept of potential outcomes (counterfac-
tuals) is the patient’s outcome if they had been exposed 
to a different prehospital time, even though we can only 
ever observe the outcome under one particular expo-
sure.30 Within each presumed condition, we exposed each 
individual with their own covariates (age, sex, Charlson 
Comorbidity Index score) to all different total prehos-
pital time intervals (15 min intervals), thus generating for 
each individual a set of potential outcomes, one for each 
total prehospital time interval. These potential outcomes 
were predictions obtained from multiple logistic regres-
sion models, adjusted for age, sex and comorbidities. 
We reported marginal differences (ie, average causal 
effects)30–33 of mortality for 15 min time intervals for 
each disease group with pointwise bootstrap 95% CIs and 
presented these graphically.
Additional analyses
 ► Adjusted logistic regression was also performed for 
the association between the total time and mortality 
for each patient’s first ambulance transport in the 
time period; that is, for patients with more than one 
transport in the time period, the first transport was 
checked for inclusion (rather than their last transport 
as in the main analysis), whereas for patients with only 
one transport this transport was both the first and 
the last and thus included in both the main and addi-
tional analyses. The g- formula methods were also used 
to model the association between 30- day mortality for 
each patient’s first ambulance transport in the time 
period.
 ► Logistic regression was also used to analyse the unad-
justed association between EMS response time and 
1- day and 30- day mortality in all individuals to whom 
a priority 1 ambulance had been dispatched, irrespec-
tive of return transport priority (priority 1, 2, other 
or none), with analyses stratified by the presumed 
emergency condition (heart and cerebrovascular 
conditions, dyspnoea, and other presumed medical 
conditions, traffic or other accidents, and unknown 
conditions).
 ► In addition, logistic regression was used to analyse the 
adjusted association between total prehospital time 
and 1- day and 30- day mortality for individuals trans-
ported to a non- tertiary and individuals transported 
to a tertiary centre. The g- formula methods were also 
used to model the association between total prehos-
pital time and mortality for patients transported to a 
tertiary hospital or to a non- tertiary hospital.
Categorical and continuous variables were also 
presented for all patients: (1) to whom a priority 1 ambu-
lance had been dispatched, divided by presumed condi-
tions; (2) divided into those transported to hospital by 
priority 1 and those not; (3) all patients with priority 
1 ambulance transport, divided by having a recorded 
total prehospital time or not; (4) patients with priority 1 
ambulance transport, depending on the type of hospital 
(tertiary/non- tertiary) they were transported to; (5) 
prehospital times, prehospital procedures and medica-
tions were presented divided by the presence or absence 
of MECUs and rapid response units for all patients with 
priority 1 return and population data; and (6) ICD-10 
diagnosis codes were presented divided by presumed 
conditions.
Data management was performed using SAS V.9.4. 
Statistical analyses were performed using R.34
results
Patients
Figure 1 shows the flow chart of patient selection. We iden-
tified 93 167 patients with 131 783 emergency transports 
with the most urgent priority 1 emergency dispatch to 
the scene in the North Denmark Region between 4 April 
2006 and 1 December 2012. For analysis, we included the 
latest emergency transport, leaving one emergency trans-
port per patient. Of 93 167 patients, 2.1% (n=1948) died 
in the prehospital setting (online supplementary eTable 
1). Patients with no priority 1 transport to the hospital 
were excluded (either no transport to the hospital, or 
priority 2 or 3); the included and excluded groups are 
compared in online supplementary eTable 2. Patients 
with missing total prehospital time were excluded; data 
for these patients are presented in online supplementary 
eTable 3. This left 19 968 patients (21.4%) who were also 
transported from the scene to the hospital with priority 
1, with possibility for unadjusted analyses; 18 709 patients 
with population data formed the study population for 
adjusted analyses (figure 1).
Characteristics
In table 1, patient, emergency dispatch and destination 
hospital characteristics as well as outcomes are shown for 
the 19 968 patients with priority 1 response to the scene 
and priority 1 transport to the hospital stratified by the 
presumed emergency medical conditions (cardiac and 
cerebrovascular conditions, dyspnoea, and other medical 
conditions, as well as traffic or other accidents). Relative 
to all 93 167 patients with priority 1 response to the scene, 
patients who also were transported from the scene to the 
hospital with priority 1 were more likely to have rapid 
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response units dispatched to the scene (25.7% vs 19.2%, 
p<0.0001), more likely to have cardiac arrest (7.9% vs 
4.2%, p<0.0001), have the in- hospital trauma team acti-
vated (9.3% vs 0.5%, p<0.0001) and more likely to be 
transported to a tertiary hospital (table 1, online supple-
mentary eTables 1 and 2).
No substantial differences were seen in EMS response 
time, on- scene time, transport time and ultimately total 
prehospital time across the conditions shown in table 1. 
Overall, the total prehospital time was mainly below 
80 min (median 47 min, 25%–75%: 35–60 min; 95% 
percentile 84 min). The overall median response time 
was below 9 min (25%–75%: 5–13 min; 95% percentile 
20 min).
Overall, 6.3% of patients had no population data, 
highest among traffic or other accidents (9.9% and 9.3%, 
respectively) and lowest among presumed cerebrovas-
cular conditions (4.3%) (p<0.0001). We were able to 
account for all patients at day 30 except for four patients 
who emigrated from Denmark during that period. These 
four patients were assumed to be alive at day 30. Patients 
involved in a traffic or other accident tended to be younger, 
have a lower Charlson Comorbidity Index score and were 
more likely of male sex. Compared with the two accident 
groups, patients with presumed heart and cerebrovas-
cular conditions, dyspnoea and other medical conditions 
were older and had a more equal male to female distribu-
tion, apart from patients with presumed heart conditions 
who were more likely of male sex. Relative to patients with 
presumed heart conditions and dyspnoea, patients with 
presumed cerebrovascular conditions and other medical 
conditions and those involved in traffic or other accidents 
were more likely to be transported to a tertiary hospital 
centre (table 1).
The characteristics of patients with (19 968) and without 
(1690) information on total prehospital time were compa-
rable in relation to age, sex, comorbidities and EMS 
response time (online supplementary eTable 3). There 
were a higher proportion of patients with cardiac arrest, 
longer on- scene times and higher prehospital mortality 
among those without information on total time. The 
distribution of missingness across the presumed condi-
tions was comparable. Online supplementary eTable 4 
shows the characteristics of 19 968 patients (priority 1 
ambulance transports) divided by the receiving hospital 
type. Patients transported to non- tertiary centres were 
younger than those transported to tertiary centres. There 
were more cardiac arrests among patients transported to 
non- tertiary centres, whereas there were more cardiac 
procedures carried out among patients transported to 
a tertiary centre. Online supplementary eTable 5 shows 
prehospital times, prehospital procedures and medi-
cation usage according to the EMS level of care on the 
scene (ambulance only, rapid response units staffed by 
paramedics and mobile emergency car units (MECUs) 
staffed by a paramedic and an emergency physician). 
The median scene time was longer among rapid response 
units (median 22 min, IQR 16–27) and MECUs (median 
21 min, IQR 16–26 min) than ambulance- only cases 
(median 17 min, IQR 12-22 min (p<0.0001). Of the 
ambulance- only patients, 21.2% received no oxygen 
treatment, whereas 16.7% of those with RRUs and 18.0% 
of those with MECUs did. Oxygen masks were used by 
66.4% of ambulance- only, 73.8% of RRU and 76.6% of 
MECU patients. Ventilation of patients was highest in 
RRU and MECU patients (14.9% and 14.6%), and lowest 
in ambulance- only patients (8.0%). Online supplemen-
tary eTable 6 shows the associated primary or referral 
diagnoses of the patients. Nearly all 18 709 patients had a 
hospital diagnosis beginning on the day or the day after 
patient transport. A total of 962 (52.4%) patients with a 
presumed heart condition received at least one ICD-10 
chapter IX diagnosis, most commonly a ischaemic condi-
tion (DI20–DI25, 518 patients, 28.2%). Among patients 
with a presumed cerebrovascular condition, 186 (38.6%) 
received a cerebrovascular diagnosis (DI60–DI69), and 
39.1% of patients with dyspnoea received a chapter X 
respiratory diagnosis.
Outcomes
Prehospital, 1- day and 30- day mortality rates according 
to the presumed conditions are shown in table 1 for the 
19 968 patients with a priority 1 dispatch and subsequent 
priority 1 transport to the hospital (and in online supple-
mentary eTable 1 for all 93 167 patients with priority 1 
dispatch to the scene). Prehospital mortality was lowest 
in traffic accidents and highest in patients with presumed 
heart conditions. Overall 1- day mortality was 10.9%, and 
varied from 2.8% in patients involved in traffic accidents 
to 20.4% in patients with dyspnoea. Thirty- day mortality 
was 18.3%, and varied between 3.7% in patients involved 
in traffic accidents and 36.6% in patients with dyspnoea 
(table 1). One- day and 30- day mortality rates were higher 
among patients with RRUs and MECUs on the scene (30- 
day mortality 23.0% and 22.1%) vs 16.6% for patients 
treated by ambulance personnel only (online supplemen-
tary eTable 5).
logistic regression, association between total prehospital 
time and mortality
Figure 2 shows the relationship between total prehospital 
time and 1- day mortality by presumed condition for the 
18 709 patients who had a priority 1 response to the scene, 
as well as from the scene to the hospital, adjusted for 
patient age, sex and Charlson Comorbidity Index score. 
No significant associations between total prehospital time 
and 1- day mortality were found, except for patients with 
heart conditions for whom longer prehospital times were 
associated with lower mortality. Results were consistent 
with crude OR for the 18 709 patients with population 
data (online supplementary eFigure 1). Figure 3 shows 
the patient age, sex and Charlson Comorbidity Index 
score adjusted association between total prehospital time 
and 30- day mortality for the same 18 709 with a priority 
1 transport to the hospital. Similar to the results for 
1- day mortality, no significant association between total 
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Figure 4 The g- formula analysis showing the relationship 
between total prehospital time (from emergency dispatch to 
hospital arrival) and 1- day mortality (including prehospital 
mortality) for patients with a presumed heart condition, 
presumed cerebrovascular condition, dyspnoea, or other 
presumed medical conditions, or traffic or other accidents. 
Analysis was adjusted for age, sex and Charlson Comorbidity 
Index score. All patients (within each presumed condition) 
were exposed to all total prehospital time intervals, with 
95% bootstrap CIs. N=18 709 patients with highest priority 
emergency transport to the scene and from the scene to 
the hospital are included in the analysis, divided by group 
as follows: presumed heart condition 1836; cerebrovascular 
condition 515; dyspnoea 1101; other presumed medical 
conditions 11 538; traffic accidents 1687; and other 
accidents 2032.
Figure 2 Age, sex and Charlson Comorbidity Index score 
adjusted OR of the associations between total prehospital 
time (from emergency dispatch to hospital arrival) and 1- 
day mortality (including prehospital mortality) for patients 
with a presumed heart condition, cerebrovascular condition, 
dyspnoea, or other presumed medical conditions, or traffic 
or other accidents. N=18 709 patients with highest priority 
emergency response and highest priority transport to the 
hospital are included in the analysis, divided by group as 
follows: presumed heart condition 1836; cerebrovascular 
condition 515; dyspnoea 1101; other presumed medical 
conditions 11 538; traffic accidents 1687; and other 
accidents 2032.
Figure 3 Age, sex and Charlson Comorbidity Index score 
adjusted OR of the associations between total prehospital 
time (from emergency dispatch to hospital arrival) and 30- 
day mortality (including prehospital and 1- day mortality) for 
patients with a presumed heart condition, cerebrovascular 
condition, dyspnoea, or other presumed medical conditions, 
or traffic or other accidents. N=18 709 patients with highest 
priority emergency response and highest priority transport 
to the hospital are included in the analysis, divided by group 
as follows: presumed heart condition 1836; cerebrovascular 
condition 515; dyspnoea 1101; other presumed medical 
conditions 11 538; traffic accidents 1687; and other 
accidents 2032.
prehospital time and 30- day mortality was seen, except for 
presumed cardiac conditions, where the odds declined 
with longer prehospital time (figure 3). These findings 
were consistent with crude OR for the 18 709 patients 
with population data (online supplementary eFigure 2).
the g-methods: total prehospital time and mortality
These results were consistent in the adjusted g- formula 
analyses when simulating that within each presumed 
condition, patients were exposed to all prehospital time 
intervals. For both 1- day mortality (figure 4) and 30- day 
mortality (figure 5), mortality appeared to decrease with 
longer total prehospital times for presumed cardiac 
conditions.
Additional analysis
Of the patients, 4283 with population data had an earlier 
ambulance transport (table 1); in the analysis of each 
patient’s first ambulance transport (which may have been 
the same as the last journey) (online supplementary eFig-
ures 3 and 4), there was again lower OR of mortality for 
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Figure 5 The g- formula analysis showing the relationship 
between total prehospital time (from emergency dispatch to 
hospital arrival) and 30- day mortality (including prehospital 
and 1- day mortality) for patients with a presumed heart 
condition, presumed cerebrovascular condition, dyspnoea, 
or other presumed medical conditions, or traffic or other 
accidents. Analysis was adjusted for age, sex and Charlson 
Comorbidity Index score. All patients (within each presumed 
condition) were exposed to all total prehospital time intervals, 
with 95% bootstrap CIs. N=18 709 patients with highest 
priority emergency transport to the scene and from the scene 
to the hospital are included in the analysis, divided by group 
as follows: presumed heart condition 1836; cerebrovascular 
condition 515; dyspnoea 1101; other presumed medical 
conditions 11 538; traffic accidents 1687; and other 
accidents 2032.
longer transport times for presumed heart conditions, 
for both 1- day and 30- day mortality, as in figures 2 and 
3. The 30- day mortality was lower in online supplemen-
tary eFigure 5 (first ambulance transport), compared 
with figure 5 (last ambulance transport). For 81 571 
patients with population data and dispatch of a priority 1 
ambulance, the association between EMS response time 
intervals and 1- day mortality was insignificant across all 
patient conditions, except for patients who had experi-
enced an ‘other accident’, where higher mortality odds 
was seen with longer response times (online supplemen-
tary eFigure 6). For 30- day mortality, lower mortality was 
seen with longer response times for dyspnoea: crude OR 
for 10-15 min vs 0–5 min was 0.76 (95% CI 0.62 to 0.94) 
(online supplementary eFigure 7). Online supplemen-
tary eTable 4 compares patient characteristics depending 
on the type of receiving hospital. The percentages of 
presumed conditions were the same for tertiary and non- 
tertiary hospitals, and total times were similar. Patients 
transported to a non- tertiary hospital were older and 
with more comorbidities. A higher percentage of patients 
transported to tertiary hospitals had PCIs and CABGs 
performed, and more MECUs were dispatched. Online 
supplementary eFigures 8 and 9 show the adjusted rela-
tionship between total prehospital time and 1- day and 
30- day mortality for 8256 patients, with population data, 
transported to a non- tertiary hospital with the highest 
priority; these show significantly lower OR of mortality 
with longer times for presumed heart conditions, consis-
tent with the results in figures 2 and 3. Online supple-
mentary eFigures 10 and 11 show the relationship 
between total prehospital time and 1- day and 30- day 
mortality for 9896 patients (with population data) trans-
ported to a tertiary hospital, with no association between 
time intervals and OR of mortality across all presumed 
conditions. The g- methods analysis for total prehospital 
time and 30- day mortality found for non- tertiary hospitals 
(online supplementary eFigure 12) higher mortality for 
presumed heart conditions initially, dropping with longer 
total times, whereas for tertiary hospitals (online supple-
mentary eFigure 13) the mortality was the same across all 
times.
DIsCussIOn
The main result of this study was that 1- day and 30- day 
mortality outcomes were not associated with time from 
emergency dispatch to hospital arrival in patients 
requiring the most urgent response to the scene, as well 
as urgent transport from the scene to the hospital, where 
most time intervals from emergency dispatch to hospital 
arrival were below 80 min. This finding did not vary across 
presumed medical conditions and accidents in neither 
crude nor adjusted analyses for sex, age and Charlson 
Comorbidity Index score groups, except for presumed 
heart conditions where both 1- day and 30- day mortality 
decreased with prolonged prehospital time. For traffic 
accidents 1- day (but not 30- day) mortality decreased 
with prolonged prehospital time in crude analyses, but 
this association was insignificant in adjusted analyses. In 
sensitivity analyses exploring associations between EMS 
response times and mortality among all patients with a 
priority 1 dispatch (irrespective of the transport priority 
to the hospital), no association was found between 
response intervals and mortality across all patient condi-
tions, except for patients with dyspnoea where odds of 
mortality was lower with longer EMS response times. Our 
findings were generally consistent when limiting our anal-
yses to patients transported to a non- tertiary hospital, who 
were less likely to have bypassed a local hospital to reach a 
more specialised hospital. For these patients transported 
to a non- tertiary hospital there was a lower mortality with 
longer total prehospital times for presumed heart condi-
tions, as was also seen in the main results. The only differ-
ence between these supplementary analyses and the main 
results was that patients with other presumed medical 
conditions (other than dyspnoea, heart or cerebrovas-
cular conditions) now also were associated with lower 
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odds of mortality with longer prehospital time, as it was 
the case for patients with presumed heart conditions.
Our main finding of no influence of prehospital time 
on mortality is in agreement with some studies but in 
disagreement with others. Newgard et al35 examined 3656 
trauma patients, of whom 806 (22.0%) died. The focus of 
this and a subsequent study was to evaluate ‘the golden 
hour’, but these studies could not detect a relation 
between prehospital time and mortality.26 35 Buchmueller 
et al4 examined the importance of prehospital time indi-
rectly by studying the relation between centralisation of 
hospitals and mortality. This study indicated that shutting 
down smaller hospitals with subsequent longer prehos-
pital times were associated with increased mortality for a 
number of medical conditions. In a review of 20 studies of 
trauma patients, Harmsen et al11 overall found a positive 
relation between shorter prehospital time and reduced 
mortality. Harmsen et al11 further found that longer 
specialised on- scene treatment reduced mortality.
While research and systematic reviews on the impact 
of total prehospital time on mortality exist for trauma 
patients,16 26 35 knowledge about this is scarce for emer-
gency medical conditions other than myocardial infarc-
tion.36–38 Research has been conducted in both urban 
settings39–41 and in mixed urban/rural settings.10 35 37 
However, usage of in- hospital mortality as outcome may 
underestimate mortality; therefore, it has been recom-
mended that 30- day mortality instead should be used as 
outcome measure.11
For an interpretation of the varying results, the quality 
of prehospital care is important. In Denmark, ambulance 
personnel is educated in emergency treatment of patients, 
including basic life support, and further service with 
an anaesthesiologist can be dispatched when necessary. 
Furthermore, a paramedic educated in administering 
certain drugs can be dispatched when necessary. In accor-
dance with the findings of Harmsen et al,11 good quality 
prehospital care, with time spent on on- scene stabilisation 
and care, may minimise the benefits of short prehospital 
transportation time in favour of longer prehospital time 
intervals. An interpretation of the decreased mortality 
with longer transport for cardiac patients that we found 
in our study may likely reflect adequate prehospital triage 
of cardiac patients, including that an ECG is sent to a 
tertiary centre hospital for evaluation, with subsequent 
triage to a PCI- capable facility along with prehospital 
initiation of platelet- inhibiting drugs and preactivation of 
the catheterisation laboratory in the presence of STEMI. 
That relevant patients are redirected to a tertiary centre 
with PCI capability is likely to increase transportation 
time. Adequate prehospital treatments including platelet- 
inhibiting drugs as well as bypass directly to a catheterisa-
tion laboratory instead of being taken to a closer non- PCI 
hospital are also likely to reduce mortality.42
The implication of this study is that longer prehos-
pital times up to 80 min do not appear to be associated 
with increased mortality, in a setting where logistical 
dispatch staff and later nurses established the transport 
priority and where the prehospital treatment is provided 
by EMS personnel educated in basic life support emer-
gency treatment, with the possibility of dispatching both 
paramedics trained in advanced life support as well as a 
trained prehospital emergency physician. The subject has 
important political implications, and prolonged transport 
time is a frequently cited argument for maintaining small 
community hospitals. It is important that this discussion 
is based on knowledge about the risk of prolonged trans-
port time.
This study is not without limitations. The main limita-
tion of this study is its observational nature, meaning that 
any significant findings are merely associations and not 
causal. However, our main finding was that the prehos-
pital time did not appear to impact mortality up to 80 min 
between ambulance dispatch and hospital arrival. The 
g- formula statistics were applied to analyse this observa-
tional (non- randomised) study so that it mimics some of 
the particular characteristics of a randomised controlled 
trial. Based on the principle of interchangeability, the 
marginal differences were computed based on multiple 
logistic regressions assuming that the entire population 
within each presumed condition had a particular time 
interval. Our findings were consistent when using these 
methods. Second, we were only able to report 1- day and 
30- day mortality outcomes for patients who were identi-
fied with a social security number. Prehospital mortality 
was recorded by ambulance personnel, when clear signs 
of death were present and/or a prehospital emergency 
physician was involved to declare a person dead in field, 
in accordance with Danish legislation. Use of 1- day 
mortality does not allow proper distinction between 
prehospital and in- hospital death, as 1- day mortality 
also captures deaths during the first day of admission. 
Third, the presumed conditions we used to classify the 
patients were based on assumptions made by emergency 
dispatch personnel and are not validated, but resemble 
hospital diagnoses. However, we found that patients with 
dyspnoea were those with the highest mortality rates, 
in agreement with other recent study findings.43 While 
emergency dispatch personnel establishes the presumed 
aetiology and subsequently determines the priority of 
the transport, EMS personnel including paramedics and 
emergency physicians, when dispatched, establish the 
priority of the transport from the scene to the hospital. 
Finally, the vast majority of patients (95%) had a total 
prehospital time of ≤84 min, and the EMS consisted of 
several levels of care, from ambulance personnel to para-
medics and MECUs with a paramedic and an emergency 
physician, which may affect the generalisability and appli-
cability of our study findings. A number of patients had 
missing data on total time (online supplementary eTable 
3). Differences between patients with and without this 
time variable were small in relation to age, sex, comorbid-
ities and EMS response time, except for dyspnoea (online 
supplementary eFigures 6 and 7). Status on arrival by 
the patient indicated a higher proportion of patients 
with cardiac arrest, longer on- scene times and higher 
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prehospital mortality among those without a total time, 
indicating that these patients may represent cases where 
death was inevitable. However, the distribution of miss-
ingness across the presumed conditions was comparable. 
Importantly, among those transported to the hospital 
with data on total prehospital time, no overall differences 
in mortality were apparent across the presumed condi-
tions, indicating that prehospital time for transportable 
patients is of no importance for mortality outcome. Our 
findings should be interpreted with this information in 
mind.
In conclusion, neither 1- day nor 30- day mortality seems 
to depend on time from emergency dispatch to hospital 
arrival, where most of these prehospital times were below 
80 min. This finding did not vary across selected symptom 
and disease categories, except for presumed cardiac 
conditions where 1- day and 30- day mortality decreased 
with prolonged total prehospital time.
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